CHAPTER 12 (Odd) 


1. e = NÍÉ — (50 11(0.085 Wb/s) = 4.25 V 


$ 
dt 


5. a = 0254. | 1 m | -635mm 


39.37 yx. 
2 -3 2 
a =- Ñ a = 31.65 x 106 m? 
1 m 
i=di = 0.1016 
a | 8 


Nn?2 2 -7 6.2 
_ Num A _ (200 9147 x 107?)131.65 x 107 m? _ 15.65 ¿H 
£ 0.1016 m 


Toa  e= Lo = (5 H)(0.5 A/s) = 2.5 V 


b. e, = (5 H)IX60 x 107? A/s) = 0.3 V 


c. e, = (5 HB)0.04 x 10% A/s) = 200 V 


9. e = LA: 0-3 ms, e =0V 
-3 
3 — 8 ms, e, = (200 mH) 40 x10" A = 1.6 V 
5 x 107 s 
-3 
8 — 13 ms, e, = —(200 mH) 40 x10” A = —1.6 V 
5x 107 s 
13 — l4ms, e, =0V 
-3 
14 — 15 ms, e, = (200 mH) W x10" A sv 
5x107 s 
15 — 16 ms, e, = -8 V 
16 — 17ms,e =0V 


(Odd) 123 


11. 


13. 


124 


L=10mH,4mAatt=0s 


0—3 ps: y =0V, Ai, =0 mA and = 4 mA 


5 —10ps: Ai = E ES_(24 V) = —12 mA 
m 


10 — 12 us: Aj = E ES_(+60 V) = +12 mA 


12 — 16 ps: vy, =0V, Ai, = 0 mA and i, = 4 mA 


16 — 24 ps: Ai = ES V) = -4 mA 


¡, (mA) 


(1 - e?) = 5.45 x 107341 — e72-27 45) 


UL == Ec"? e 12€” 12.27 us 


UR = ipR =iR = El —- e") = 12(1 — e 2270) 


iy: 17 = 3.45 mA, 37 = 5,179 mA, 57 = 5.413 mA 
v,: 17 = 4.415 V, 37 = 0.598 V, 57 = 0.081 V 
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12 
0 (ys) 
(11.35 ys) 
5. a 7=L=__%2mH___ 120mH-_ 3095 s 
R— 4.7K0+3.9Kk0 78.6 kQ 
iy = 1 + (4 = Ipe”* IT 
pS 36 Y = 4.186 mA 
8.6 kQ 
= 4.186 mA + (8 mA — 4.186 mA)e 13-95 us 
= 4.186 mA — 3.814 mae 9-9 us 
+ 68.8 V - Up, (0+) = 8 mA(8.6 KQ) = 68.8 V 
KVL: +36 V — 68.8 V — uv, =0, 
+ + v,(0+) = 36 V_— 68.8 V = -32.8 V 
q E v, = 32.8 Ve "1395 as 
b. N 
Í 
5 7 = 69.77 ys 
5 1 = 69.77 us -32.8 V 
17. a. 
| 10KkQ 
10k0 Pr, = 10kQ sd L A 
R “10K0 


ad Es = 20 V 


U, = 20e 71 ES iy = 0 — e) =2 Xx 1034 — ¿AM HS) 


b. 57 =>> steady state 
pa 
R 20 kQ 
ie dE Le =2x 1073, 1/0-5 us 


v, = —(2 mA)JQO kQ)e""" = —40e 03 us 


(Odd) 125 


L 1 mH 
19. Ñ == A SS 
TER á 
] E -t!T 12 V -t/T -3 —t/0.5 
ly = (1 - e = —__(l - e =6x10"(1-e el 
L= zl El ) ( >) 
uy =EeT!T = 12g710.5 us 


b. de =6xXx 10% 0% e 70.5 us) =6x 1034 e ps/0.5 Us) 
=6 x 101 — e7?) = 5.188 mA 

2 pp g¿atlT ¿_£-_. 1mH 
iy =P pl a As 
iy = 5.188 x 10308330 
t=1 ps: y, = 12e 0345 = 1287? = 12(0.1353) = 1.624 V 
V”, = (5.188 mA)(12 kQ) = 62.256 V 
v, = -62.256e"89-3ns 


= 0.0833 us = 83.3 ns 


-62.256 


21: 2 mA = 1.78 mA + 2.22 mae 1-11 ns 
0.22 mA = 2.22 mae "1-1 ns 
99.1 x 1073 = ¿11.11 ps 
log,99.1 x 1073 = log,(e "21-11 45) 
2.312 = —1/11.11 us 
¿ = (11.11 us)(2.312) 
1 = 25.68 ys 
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23. a Rey = 2.2 KQ [4.7 kQ = 1.498 kQ 
4.7 kQ(8 V) 
o Y =545V 
TM” ETKO + 2.2 k0 
p= L. 10MH - 6676 ys 
R 1498 k0 
E -t/7 5.45 V IT -3 —11/6.676 ys 
= Z(l -e = ll - € = 3.638 x 10 "(1 —- e e 
L= ) “Tara ) 
VU, = Ee "7 E 5.450 116-676 us 
b. ¿ = 10 ps: 
iy = 3.638 x 10731 — e 10 4s/6.676m9), = 3,638 x 101 — e?) 
= 2.825 mA U22ao 
v, = 5.45(0.2236) = 1.2186 V 
C. Tr” = L  10mH _ 2.128 us 
R 47k0 
PAS 
At £ = 10 us: 
V, = (2.825 mAX4.7 kQ) = 13.278 V 
v, = -13.278e 12-128 ps 
25. a. E T= - 2 OA A 


R|+R3 1000 +200 1200 


y = 36 eTtl5 ms 
uy = 36 e725 ms/S ms — 36 e? = 36(0.00674) = 0.243 V 


b. vu =36e 1 ms/3ms — 36 e70-2 = 36(0.819) = 29.47 V 


a e us E _ ¿HT 
Cc. Ur, = RR = 1,R¡ = RR e“ )|R; 
Ss 36 Y -t/5 ms 
= | (1 -e 100 Q 
| 120 1 ) 


(300 mA(1 — e7*9 M5)100 N 
= 30 V(1 — ems ms = 30 V(1 — e?) 
= 30 V(1 — 0.368) = 18.96 V 


(Odd) 
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Z Ho 


29. 
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i = 300 mA(1 — e79 ms) 


100 mA = 300 mA(1 — e719 ms) 
0.333 = 1 — ems 
0.667 = e5ms 
log, 0.667 = —t/5 ms 
0.405 = 1/5 ms 


t = 0.405(5 ms) = 2.025 ms 


L => open circuit equivalent 
y, = 10 MQQ4 Y) _>20y 


I0OMO+2MNO 


Pr = 2 MA [| 10 MA = 1.667 MA 
10 MA(24 V) 


En” i0Ma+2M0 "0 Y 
E 
o A 
final Ry, 1.667 MO 
y = 12 4A(1 —- e 04 A 
'L io E. "2 R TOMO 
10 HA = 12 pA(1 — e71485) 
0.8333 = 1 -— e Pes 
0.1667 = e Pes 
log,(0.1667) = —1/3 ps 
1.792 = t/3 ys 
t = 1.792(3 ps) = 5.376 ps 
UL pi 20e *P pS — 20e7??2 ps/3 ps 2e* 
= 20(0.0183) = 0.366 V 
¿= - 22 = -10.91 mA 
2.2 kQ 
Switch open: If = EY eS, q —3.478 mA 


-22Kk0+47k0 69Kk0 


iy =1+ (Ie 
se La 1305 
R  '6.9K0 


i = 3.478 mA + (—10.91 mA — (-3.478 mapye 094 
i, = —3.478 mA — 7.432 mae 03-915 


[=0+:  -7628V+ UR(0+) = (10.91 mA)(6.9 kQ) = 75.28 V 
KVL: -24 V + 75.28 V — v, =0 
- + v, = 51.28 V 
24 V y 
. ] 
—M 


v, = 51.28 Ve 183. 
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5 + = 869.5 us 


31. a Lp=4H+2H+3H/|6H = 8H 
b.  Lr= 12H|G.6H + 4H]6H) = 12 H[6H = 4H 


33. L'r = 6 H/(1 H +2H) = 6 H[3H = 2H 


16 Y 
4 kQ +0 


35. [| = = 4 mA, V, = 16 V, V, =0V 


3 yv = _62+30[6 050 V) _ GM+20X50 Y) _ ¡py 
cc A Ga+30[6)+200 GN+20+200 


Ry=202+32+30[62=2320+20=250 


1, =4= 3 =2A 


621) — 6204) 


A a O 
60+30 60+30 


lso n 0A, ee L, == 


39. Wasp = ¿Y = ¿6 uEX(12 Vy? = 360 3 


Won = ¿LP a z(6 HQ A)? = 123 


(Odd) 
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130 


dó => 42€ -20VY 0.5 wb/s 
dt dt N 40 t 


2 2 
Td” - TG mm” _ 19625 x 10 m? 


4 4 
y = NMuá - (200 0*4r x 10(19.625 x 107 m% _ 13.146 ¡H 
NA O ENS 


2 2 -7 -4 
a,  = NA _ (00 yr x 107x1.5 x 10 m%) — 169.56 yH 


? 01m 
b.  L=HL,=(QxX 10%(169.56 JH) = 339.12 mH 
: 3 
e = L% =(s0mm|91* 10" A] =5y 
dt 0 s 
O AN (UN Y 
y A 
0 — 3 ps: e =(0.2H) 3 AA] = 3.33 V 
3 ps 


3 — 8 us: e = (0.2 HX0) =0 V 


8 —9 ps: e=0250|% PA = 3.2 V 


9 — 14 us: e = 02m [LOA = -4Vv 


14 — 17 ps: e = (02m | 44 pa] = 2.93 V 


A AV) 


g 10 11 12 13 1f 


1234587 .8 


(us) 


hhbónobn-o.oo92po a 
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12. a. 


p= LL. 20m - 125 us 
R  “20K0 
hh. Eta ee 
R kQ 
=2x 1041 e ¿M5 ys) 
E: v, = Ee*T = 40 x 1073202545 
Ue = ipR = i¡R= E(l — e?) =40 x 101 — 00234) 
d. iy: 17 = 1.264 pA, 37 = 1.9 pA, 57 = 1.987 pA 
v,: 17 = 14.72 V, 37 = 1.99 V, 51 = 0.2695 V 
e. 
v, (mV) 
0 5 Kus) 
(62.5 ys) (62.5 ys) 
14. a. 


Source conversion: 


L 2 H 
¡ a A = 588.2 us 
K 2 | y! R 34K0 dj 
: + 1 pa I 


—t/ 
spas A 
yo 3 6 V 


== = 1.765 mA 
f” 34K0 


=A3mA — i = 1.765 mA + (-3 mA — 1.765 ma)e "088248 
i = 1.765 mA + 4.765 mAe”588-2 ps 
-102V+ UR(0+) = 3 mA(3.4 kQ) = 10.2 V 
KVL: +6V + 10.2 V — v,(0+) =0 
e + y (0+) = 16.2 V 
L 


UL = 16.2 Ve _1/588.2 ps 


t 
5 r = 2.941 ms 


(Even) 
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a = -72V - -0.692mA 


ly 
10.4 kQ 
7=L= 20m - 1923 us 
R  10.4Kk0 
YA = If + (1; añ Ie" 
= 20.692 mA + (—3 mA — (—0.692 mApe "19-23 us 
i, = —0.692 mA — 2.308 mAe” 12:23 ps 
- 31.2V+ KVL: -7.2 V + 31.2 V — v¡(0+) =0 
uv, (0+) = 24 V 
É ás vu, = 24 Ve7!/19.23 ps 
7.2V , (04) 
+ e 
b. | 
y] 
5 1 = 96.15 ys 
-0.692 mA | — === 
5 1 =96.15 ys 
-3 mA 
18. a 


ae ale qn HT -3 —t/0.735 
i = GU -€ = 1 - = 0.882 x 1041 — .735 ys 
L= Ai (1 -e ) 
Ec" = 6p7110.735 ys 


158 CHAPTER 12 


(Even) 


Assume steady state and /, = 0.882 mA 


6.8kQ Mo, 


8.2 kQ 


L35mH 


iy = 12" = 0.882 x 10740033 us 
as tir" 
Uy = Vf 


L compared to defined polarity of Fig. 12.64. 
Vr = 1, R = (0.882 mA)J(15 kQ) = 13.23 V 


= -13.23 (710.333 pS 


¡ (ma) 


5 7' =1.665 us 


57 (us) 
(3.675 ys) 


kms) 


-13.23 


For polarity of Fig. 12.64: 


Ve 


ua (V) 


2 


2 


-.. = LR) = (0.882 mA)X(8.2 kQ) = 7.23 V 


ms) 
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Dr 


20. 74 = l0 mA: Eg. 12.21 bL= vs, = 2 ms log, 25 mA | 


Te 25 mA - 10 mA 


il 


= 2 ms log, E =3 = 2 ms log, 1.667 
= 2 ms (0.511) 
= 1.02 ms 

uy = 10 V: Eq. 12.22 £ = 71108, 5 = 2 ms log, = d 
= 2 ms log, 3 = 2 ms(1.609) 
= 3.219 ms 


22. a. Source conversion: E = IR = (4 mA)J(12 k0) = 48 V 
UN q= L.2mH - 55 569s 


+ R  36k0 
LZ2mH y, 


led | Ñ 


| E 1 48 V 11 -3 —1t/55.56 ms 
= (0 - = 1 - = 1.33 x 10 41 — 
A ra ¡a 


y, = Ee"*7 = 48e— 1155.56 ns 


24 kQ 
12 kQ 


b. t = 100 ns: 
iy = 1.33 x 10741 — e 10 ns/55.56n8, - 1.33 x 1073(1 — e7 13) = 1.11 mA 


Wa 


0.1676 
y, = 48e7 18 = 7,934 V 


24. a. Redrawn: 


Source conversions: 


1.5k0 5 mH 1 


Ir = 5 mA — 2 mA = 3 mAt 
1 _ 1 1 1 1 


— = + + 


Ry T2Kk0 3k0 4k0. T5K0 


= 0.75 kQ 
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Source conversion: 
Er = I¡Ry = (3 mA)(0.75 k2) = 2.25 V 


2.253 V —u 3 —116.67 

= las un) =3 x 10 — pt us 

L 0.75 En! ó , e 
vu = 2.25 e 116.67 us 


b. 27: 0.865 1,,, 0.135 V,, 
¿,: 0.865 (3 mA) = 2.595 mA 
v,: 0.135(2.25 V) = 0.304 V 


(=L-. 3H 333 ps 


C. 
- - "ROTO 
15k0  LSSmH y iy = 2.595 x 10"3g7103-33 us 
Ñ a i ¡,(0+) = 2.595 mA 
L vr(0+) = (2.595 mA)(1.5 kQ) = 3.893 V 


v, = 3.893 Ve 83 us 


5 + = 16.65 ps 


lus) 


135 


(Even) 


E e 7 E L _0.6H 
R; + R, Rr R; E R, + R; 590 Q 
| = 1.017ms 


26. a. tL e 


PE 36 V e+*/1.017 ms 
100 2 + 20 Q 


iz 300 mA e 711.017 ms 
1 mA = 300 mA e7*/1-017 ms 
3.333 x 1073 = e71/1.017 ms 
log, (3.333 x 107?) = —1/1.017 ms 
—5.704 = —1/1.017 ms 
= 5$.704(1.017 ms) = 5.801 ms 


—177e7*!/7 E —177e7*/1-017 ms 
—177e 7? ms/1.017 ms _ —177e 70-983 


= —177(0.374) = —66.198 V 


Ur = 
Uz 


C. UR, =i¡Rz= (300 mA e "1917520 q) 
FR 6e*/11.017 ms _ 6e75 


= 6(6.738 x 1073) 
= 40.428 mV 


16 V 

. ; A A 

ES ¡2 TTROA 733 K0 
t = Os: Thevenin: 

Rip = 3.3k2 + 1k0[4.7k0 = 3.3kQ + 0.825 kQ2 = 4.125 k0 


_ 1KLG16V) _ 

En Tara 2907 V 
dl ias lp + (, a pe” 

2.807 V L 2H 
1 a 7 8B0mA, 7 q 9 ps 
iy = 0.680 mA + (2 mA — 0.680 maye” "484.9 us 
i = 0.680 mA + 1.320 mae” 484.9 45 

UR(0+) = 2 mA(4.125 kN) = 8.25 V 

KVL(0+): 2.807 V — 8.25 V — y, = 

UL = —5.443 V 


v, = 5.44 Ve" "649 us 


= 2 mA 


5 1 = 2.425 ms 
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30. Source conversion: /, = 18V +4 V 22 V 


A A 
¡2 TRO+T2X0. 22k0 S 
t= 0+: 
1kQ _,10mA 1,= EN. AA 
1k0 
+10V- +0v¿- 
] q=£-= 28m - 20 ps 
y =1,+ Q + 1007 
= 4 mA + (10 mA — 4 mAje "220 4s 
iy = 4 mA + 6 mae 4200s 
vp(0+) = (10 mA)Y(1 kQ) = 10 V 
KVL: +4V-10V-vu, =0 
v, = —6 Ve” 220 us 
b. 
“L 
5 1=1.1 ms 


5:<=1.1ms 


32. a.  Ly= 14 mH[35 mH = 10 mH 
Cr = 9 pF + 10 pF [90 yF = 9 yF +9 pF = 18 E 


*——N-—— 
10 mH 


e pF 


b.  Cfp=12pF +7 pFl42 E = 12 pF + 6 pF = 18 yF 
Ly = 5 mH + 20 mH = 25 mH 


A] 


18 yF 


(Even) 
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34. a. 


R 

ide A," 5kA | 20k0=4k0 
RLÍ20Ko E. 20Kk0(20V), 

20 V a Em” 2OKD+5 RO OY 


Ly =5H+6H|30H =5SH+5H= 10H 


E 
== 10 H = 2.5 ms 
R 4 k0 
UL zz 16e 2.5 ms 
a 16 V —t/ -3 —1/2.5 ms 
tL TA e” 0 e ) 
b. 
v, (V) 
16 
Ams) 0 5 1 dms) 
(12.5) 
Cc. UL 
=8 —t/2.S ms 
5H + YES 2) e 
+ 
PEC 
20 V 
386. 1,= —____=2A,V, =20V-]/,40 
1 40+620 d 1 
=20V - (QA)JX42) 
=20V-—-8V 
= 12 Y 


38. Way = <P = ¿e E(4 mA)? = 16 y) 


Way = 36 H)(4 mA)? = 24 y 


40. Wosh= 70. HQ A? =1J] 


Wan = ¿4 H)(4/3 A)? = 3.56 J 
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